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ABSTRACT
Radiation fields emitted by O, B-type stars or young stellar populations (SPs) are gen-
erally considered as significant central ionizing sources (CISs) of classic H II regions. In
our previous studies, we show that the inclusion of binary interactions in stellar pop-
ulation synthesis models can significantly increase the ultraviolet spectrum hardness
and the number of ionizing photons of intermediate-age (IA, 7<
∼
log(t/yr)<
∼
8) SPs.
In this work, we present photoionization models of H II regions ionized by radiation
fields emitted by IA SPs, and show that radiation fields of IA SPs, including binary
systems, are in theory possible candidates of significant CISs of classic H II regions.
When radiation fields of IA SPs comprising binary systems are used as the CISs of
classic H II regions, the theoretical strengths of a number of lines (such as [O III]λ4959′,
[S II]λ6716′, etc.), weaker than observations, are raised; the border /selection-criterion
lines, between star-forming galaxies and AGNs in the diagnostic diagrams (for exam-
ple, [N II]λ6583/Hα∼[O III]λ5007/Hβ), move into the region occupied originally by
AGNs; and He II λ1640 line, observed in Lyman break and high-redshift gravitation-
ally lensed galaxies, also can be produced.
Key words: binaries: general – H II: regions – galaxies: abundances – galaxies: star formation
1 INTRODUCTION
An H II region is a large low-density cloud of partially ion-
ized gas and originated from a giant molecular cloud. H II
regions always associate with regions of recent star forma-
tion, can ionize surrounding gas and produce radio emission
and various emission lines, so they relate closely to the deter-
minations of star formation rate and chemical compositions
of galaxies.
In general, it is thought that the significant central ion-
izing sources (CISs) of classic H II regions are radiation fields
emitted by O, B-type stars or clusters of such stars (i.e.,
young stellar populations, SPs) and that the intermediate-
age (IA) and old SPs have no enough hard extreme ultravio-
let (EUV) spectra to ionize neutral hydrogen. For example,
in the photoionization models of Dopita et al. (2000, here-
after Dop00) and Kewley & et al. (2001, hereafter Kew01),
the CISs of H II regions were the radiation fields emitted
by SPs from ages of 0 to 6 and of 0 to 8Myr, correspond-
ing to the evolutionary population synthesis (EPS) mod-
els of PÉGASE (Fioc & Rocca-Volmerange 1997, 1999, us-
ing Padova tracks) and Starburst99 (Leitherer et al. 1999,
⋆ E-mail: zhangfh@ynao.ac.cn; zhang_fh@hotmail.com
Geneva tracks), respectively. They thought that there is no
further evolution for SPs’ EUV spectra and a balance be-
tween star birth and star death is set up for all stellar masses
contributing significantly to the SPs’ EUV spectra.
In fact, IA and old SPs are very important for classic
H II regions. Starburst would last ∼108 yr (comparable to
the typical dynamical timescale) and old SPs will dominate
the spectrum because young SPs have dispersed into field
during this period (Groves & et al. 2008, hereafter G08).
Kannan et al. (2014) have ever used the t=2Gyr old SP’s
spectra from the EPS models of Bruzual & Charlot (2003)
to investigate the effect of local photoionizing radiation on
gas cooling rate. The cooling rate of halo gas is critical to
determine how much fuel is available to form stars in galax-
ies. Their work based on the facts that the spectra of SPs
older than 200Myr are hard due to the accumulation of post
asymptotic giant branch (AGB) stars and that the spectrum
shape remains fairly constant from 200Myr to 13 Gyr be-
cause low-mass stars evolve within a narrow temperature
range all the way from main sequence (MS) to AGB phase.
Moreover, G08 also investigated the effect of old SPs on their
photoionization models.
In previous studies, in which SPs’s radiation fields are
the CISs of classic H II regions, a SP is solely composed
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Table 1. Part of model parameters used in this study. ’Case’, in
row one, denotes the condition that BIs are taken into account.
Top and bottom sub-parts are for EPS models and nebulae.
EPS models
Case without with
log(t/yr) 6.3 6.5 6.6 ... 10.0 10.1 10.18
Z 0.0001 0.0003 0.001 0.004 0.01 0.02 0.03
nebulae
logU −4. −3. −2. −1. 0.
nH(cm
−3) 10. 100. 350.
of single stars and has no binaries. Binaries are a reason of
hardening SPs’ spectra, thus varying the properties of the
CISs and H II regions. Kewley et al. (2013) have mentioned
a scenario that binary interactions (BIs) harden the SP’s
spectra: BIs make the stellar systems hotter and more lumi-
nous by spinning-up the rotation of the companion star and
producing mixing effect (Jiang et al. 2014). In fact, BIs can
harden and raise the SPs’ EUV spectra by other processes
(such as merge) via producing very hot and luminous stars.
In this study, we will use Yunnan-II EPS models
(Zhang et al. 2004, 2005, hereafter Z04, Z05), in which var-
ious BIs are considered, to show that radiation fields of IA
SPs with BIs are in theory possible candidates of signifi-
cant CISs of classic H II regions. Moreover, we will show
that He II λ1640 feature (He II feature can be produced
by shocks, X-ray binary evolution and WR/massive stars,
Brinchmann et al. 2008) can be produced, some theoretical
line strengths weaker than observations will be increased and
the border lines between star-forming galaxies and AGNs in
the diagnostic diagram will move into the region occupied
originally by AGNs.
The outline of the paper is as follows. In Section 2 we
describe the used photoionization, EPS models and param-
eter space. In section 3 we present the results. In Section
4 we present analyses and discussions. Finally we present a
summary and conclusions in Section 5.
2 MODELS
In this work, we employ MAPPINGS IIIq version photoion-
ization code, which is used to calculate the fluxes of emission
lines in H II regions, and Yunnan-II EPS models (Z04, Z05),
from which the SPs’ radiation fields are obtained as the CISs
of H II regions in MAPPINGS IIIq code. In the following, we
will briefly describe MAPPINGS code and Yunnan-II mod-
els in Sections 2.1 and 2.2, finally we will present parameter
space in Section 2.3.
2.1 Photoionization code: MAPPINGS
MAPPINGS code is built by Dopita (1976) and developed
by Luc Binette (Mexican version), Sutherland & Dopita
(1993), Groves et al. (2004), G08, and so on. In this work,
the parameters employed in MAPPINGS IIIq code are as
follows. (i) We use the radiation fields of SPs from Yunnan-
II EPS models with and without BIs as the CISs of H II
regions. The chosen SPs’ age and metallicity are within
6.3≤log(t/yr)≤10.18 and 0.0001≤Z≤0.03 (Table 1). (ii)
Plane-parallel geometry is used and dimensionless ionization
parameter logU , used to define ionizing radius, is from −4
to 0 (Table 1). (iii) Isochoric structure is used and hydrogen
density nH ranges from 10 to 350 cm−3 (Table 1). (iv) The
default sets of ′solar metallicity′ (Z′⊙=0.016, Asplund et al.
2005) element abundances (nX/nH)Z′
⊙
and depletion fac-
tors DX are used (Table 2, same to Dopita et al. 2006,
hereafter D06). At other metallicities, nX/nH scales with
(nX/nH)Z′
⊙
and metallicity with several exceptions (He, C
and N elements, follows D06), DX does not vary with metal-
licity. (vi) Three kinds of dust components are included:
graphites, silicates and PAHs (G08). For the two formers,
the size distribution of dnX
da
=k a−β e
−(a/amin)
−3
1+e−(a/amax)
3 (β=3.3,
amin=40Å, amax=1600 Åand k=const) is used and the den-
sity of themselves is 1.8 and 3.5 g/cm3. For PAHs, we as-
sume that graphites are not destroyed with PAHs, PAHs
emit in the mid-infrared band when Q2 (a far-UV analogy of
U)<1000 (Dopita et al. 2005), the PAH-to-carbon dust ratio
is 0.3 and the fraction of carbon dust depletion in PAHs is
0.05. (vii) At last, we choose the set of input physics includ-
ing radiation pressure and dust, use the geometrical dilution
fraction of 0.5 and use a final total hydrogen column depth
of 1022 cm−2.
2.2 EPS models: Yunnan-II
Yunnan-II models are built since Z04 and Z05 and are the
EPS models for instantaneous burst SPs (i.e., assemblies of
chemically homogeneous and coeval stars) without (i.e., sim-
ple SPs) and with BIs. For the second set of models, various
BIs are considered (mass transfer, mass accretion, common-
envelope evolution, collisions, supernova kicks, tidal evolu-
tion, and all angular momentum loss mechanisms). In Z04
and Z05 models, each binary in a SP satisfies the given initial
primary-mass, mass-ratio q, separation a and eccentricity
e distributions, evolutionary parameters (gravity, tempera-
ture, etc.) are obtained by evolution algorithm, observables
(spectrum, colours, etc.) are transformed from evolutionary
parameters via stellar spectral library, at last the SPs’ prop-
erties are from the integral between observables and weight
given by initial distributions. The ages and metallicities of
SPs cover the ranges log(t/yr)=5.0-10.18 and Z=0.0001-
0.03.
Yunnan-II models include several sets of results, the dif-
ferences among them mainly lie in the choices of initial dis-
tributions for stars in a SP, stellar spectral library, and so on.
The models, employed in this work, use BaSeL stellar spec-
tral library of Lejeune et al. (1997), binary star evolution
algorithm of Hurley et al. (2002), the initial mass function
of Miller & Scalo (1979) for primary star, uniform q distribu-
tion, the combination of power-law and const a distributions
at close and far separations and uniform e distribution. The
separation distribution implies that ∼50 per cent (a typical
value for the Galaxy) of stellar systems are binary systems
with orbital periods less than 100 yr.
2.3 Parameter space
In this work, we assume that the metallicities of CISs
(i.e., SPs) are same as those of nebular gas (same as
Stasińska et al. 2006, hereafter Sta06) and our calculations
are only limited to these SPs’ metallicities. The element
c© 2011 RAS, MNRAS 000, 1–5
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Table 2. The logarithmic number-abundance ratios of the elements with respect to hydrogen [log(nX
nH
)Z′
⊙
] and logarithmic element-
depletion factors [log(DX)] at ’solar metallicity’ Z′⊙=0.016.
X H He C N O Ne Na Mg Al Si S Cl Ar Ca Fe Ni
log(nX
nH
)Z′
⊙
0.00, −1.01, −3.59, −4.22, −3.34, −3.91,−5.75, −4.47, −5.61, −4.49, −4.79, −6.40, −5.20, −5.64, −4.55, −5.68
log(DX) 0.00, 0.00, −0.15, −0.23 ,−0.21, 0.00, −1.00, −1.08, −1.39, −0.81, −0.08, −1.00, 0.00, −2.52, −1.31, −2.00
Table 3. List of emission lines (top-), constituent lines (middle-),
line strength ratios and grids (bottom-subparts) analyzed in this
work.
emission lines
[O II]λ3727 [O II]λ3729 [NeII]λ3869 [S II]λ4072 [OIII]λ4363
[H β]λ4868 [O III]λ4959 [OIII]λ5007 [N II]λ5755 [O I]λ6300
[S III]λ6312 [N II]λ6548 [H α]λ6563 [N II]λ6583 [S II]λ6716
[S II]λ6731 [ArIII]λ7135 [O II]λ7320b1 [O II]λ7331b2 [S III]λ9069
[S III]λ9532
constituent lines
[O II]λ3727′c1 [OIII]λ4959′c2 [NII]λ6548′c3 [S II]λ6716′c4 [OII]λ7320′c5
[S III]λ9069′c6 R23
c7 S23
c8 N2
c9 O3N2
c10
line strength ratios and grids
[OIII]λ5007
[O II]λ3727′c1
d1 [SIII]λ9069′c6
[S II]λ6716′c4
d1,2
[SII]λ6716
[SII]λ6731
d3 [OII]λ3727
[OII]λ7325
d4
[N II]λ6548′c3
[N II]λ5755
d4 [SIII]λ9069
′c6
[SIII]λ6312
d4 [SII]λ6716
′c4
[SII]λ4072
d4 [OII]λ3727
[OII]λ7320′c5
d5
[OIII]λ4959′c2
[OIII]λ4363
d6 [N II]λ6583
[O II]λ3727′c1
d7 [NII]λ6583
[SII]λ6716′c4
d7,8 [OIII]λ4959
′
R23∗Hβ
d9
R23
c7,d7,10 S23
c8,d7 N2
c9,d7,11 O3N2
c10,d7,11
[O II]λ7320′c5,d12 [O II]λ3727d12 [OIII]λ4959′c2,d13
b1λ7319.0 & 7320.0 two lines; b2λ7330.1 & 7330.7 two lines.
Note, beginning with ’c’, gives the definition.
c1[OII]λ3727′=[O II]λ3727+3729; c2[OIII]λ4959′=[OIII]λ4959+5007;
c3[NII]λ6548′=[N II]λ6548+6583; c4[S II]λ6716′=[S II]λ6716+6731;
c5[OII]λ7320′=[O II]λ7320+7331; c6[S III]λ9069′=[S III]λ9069+9532;
c7R23=
[OII]λ3727′+[OIII]λ4959′
Hβ
; c8S23=
[SII]λ6716′+[SIII]λ9069′
Hβ
;
c9N2=[NII]λ6583/Hα;
c10O3N2=
[OIII]λ5007/Hβ
[N II]λ6583/Hα
;
Note, beginning with ’d’, denotes which parameter is sensitive to.
d1U (KD02, M); d2better; d3ne (I06, f);
d4Te (B05);
d5Te,O2 (I06);
d6Te,O3 (I06, f(ne));
d7Z (KD02, M);
d8Z (D06, M); d9Z (P05, O); d10Z (P01, O); d11Z (PP04, O);
d12O2+/H+ (I06, f(Te, ne));
d13O+/H+ (I06, f(Te)).
In notes ’d’, the meanings of the abbreviations in parenthesis are as follows.
I06: Izotov et al. (2006); KD02:Kewley & Dopita (2002);
P01: Pilyugin (2001); P05: Pilyugin & Thuan (2005);
PP04:Pettini & Pagel (2004); M: photoionization models;
O: observation; f: function.
Other notes: O3N2 of d7 is multiplied by Hβ/Hα.
abundances at SP’s metallicities (nX/nH)Z are obtained as
described in Section 2.1.
In total, we calculate 8190 models in this study (Ta-
ble 1). Two sets of SP’s radiation fields, from Yunnan-
II EPS models with and without BIs, are used as the
CISs. For each set of EPS models, we choose 39 age val-
ues [6.3≤log(t/yr)≤10.18 in steps of 0.1/0.08 or 0.2] and
all metallicity values (Z=0.0001, 0.0003, 0.001, 0.004, 0.01,
0.02 and 0.03). Given a radiation field, five logU values
(−4.0,−3.0,−2.0,−1.0 and 0.) and three nH values (10, 100
and 350 cm−3) are used.
3 RESULTS
In this section, we will show that radiation fields emitted by
IA [7<
∼
log(t/yr)<
∼
8] SPs with binaries are in theory possi-
ble candidates of significant CISs of classic H II regions and
show the other resultant features. This work will include
various metallicity (Z), electron-temperature (Te), electron-
density (ne) and ionization-parameter (U) sensitive emis-
sion lines, constituent lines, line strength ratios and grids
(Table 3, compiled from literatures). In total, we calculate
Figure 1. Spectrum evolution (91≤λ/Å<∼ 1100) for SPs with
(left panel) and without (right panel) BIs at Z=0.02. In each
panel, 45 values of age are included, each color comprises 5 age
values, and the age steps are 0.2 and 0.1/0.08 when log(t/yr)≤6.5
and >6.5. In the order of SP’s age, they are black [log(t/yr)=5.1-
5.9], red (6.1-6.7), green (6.8-7.2), blue (7.3-7.7), cyan (7.8-8.2),
magenta (8.3-8.7), yellow (8.8-9.2), orange (9.3-9.7) and light-
green (9.8-10.18) lines.
Figure 2. [O III]λ5007/Hβ emission line strength as a function of
SP’s age when using SPs with (solid symbols) and without (open
symbols) BIs at Z=0.0001 (left panel) and 0.03 (right panel).
Black [◦, •], red [,], green [△,N], blue [▽,H] and cyan [⋆,⋆]
symbols are for logU=−4, −3, −2, −1 and 0. Solid, dashed and
dot-dashed lines are for nH=10, 100 and 350 cm−3.
8190 models (Section 2.3), including different U , nH, Z, t
and condition that BIs are taken into account.
The conjecture, radiation fields of IA SPs with BIs are
possible candidates of significant CISs of H II regions, is
based on the facts that the inclusion of BIs can produce
some hot [log(Teff/K)∼5] and luminous He MS stars at
intermediate ages (see Fig. 4 of Zhang et al. 2012, here-
after Z12) and that this kind of object makes the UV
and EUV spectra harder. In Fig. 1, we give the spec-
trum evolution (91≤λ/Å<
∼
1100) of SPs with and with-
out BIs at Z=0.02, the SP’s age is within log(t/yr)=5.1-
10.18. From it, the following phenomena can be seen. (i)
When log(t/yr)<
∼
t1 (=6.8∼7.0 for Z=10−3∼0.02) or >∼ t2
(=7.8∼7.7 for Z=10−3∼0.02), the evolution of EUV spec-
tra is similar between SPs with and without BIs. When
c© 2011 RAS, MNRAS 000, 1–5
4 F. Zhang, L. Li, L. Cheng, L. Wang, X. Kang, Y. Zhuang, Z. Han
Figure 3. VO87 diagnostic diagram log([N II]λ6583/Hα)∼log([O
III]λ5007/Hβ) when using log(t/yr)=6.3 (young, left panel) and
7.5 (IA, right panel) SPs with (red, solid line) and without (black,
dashed line) BIs in the case of nH=100cm−3. On each grid, sym-
bols (+, ∗, ◦, ×, , △, ⊕) are for Z=0.0001, 0.0003, 0.001,
0.004, 0.01, 0.01 and 0.03 and line width increases with logU
(=−4,−3,−2, −1 and 0, from bottom to top). Comparisons in-
clude the border lines (Dop00, Kew01, Kau03, Sta06; — , - - -,
-·-·, · · · ; grey) and observations (B05 [♦], V98 [N], S13[], S10[•],
B09[⋆], R08[], W11[◦], V06[©]). The absence of V89, R08, W11
and V06 observations in this plot is caused by the lack of corre-
sponding data.
Figure 4. Similar to Fig. 3, but for log([S II]λ6716′/Hα)∼log([O
III]λ5007/Hβ).
log(t/yr)<
∼
t0 (=6.6) they are soft and then become hard
until t1. Note that some photoionization models (such as
Dop00, Kew01, etc.) used the spectra of SPs at ages of
∼t1. When log(t/yr)>∼ t2, the EUV spectra are hard but
their strengths are far less than young SPs (similar to
the conclusion made by Kannan et al. 2014). (ii) When
t1<∼ log(t/yr)
<
∼
t2, the EUV spectra are completely different.
The spectra of SPs without BIs are soft and their strengths
are low, while for those with BIs, the opposite holds and
their spectrum slope approaches to that for young SPs. The
reason of the differences in Fig. 1 can be seen in Sections 3
(2nd paragraph) and 4. In following analyses, we only focus
on early and intermediate ages.
3.1 Possibility: SPs with BIs are significant CISs
In this section, we will present the effect of BIs on various
line strengths/strength-ratios and show in theory the possi-
bility that radiation fields of IA SPs with BIs are significant
CISs of H II regions.
First, we will discuss the effect of BIs on various U ,
Z, ne and Te sensitive line strengths/strength-ratios. By
comparisons, we find that the differences are small between
the CISs acted by radiation fields emitted by young SPs
with and without BIs, while large between using the IA SPs
with and without BIs. The line strengths/strength-ratios,
when radiation fields of IA SPs with BIs are used as the
CISs, are comparable to (even greater than) those for young
SPs. This can be seen from Fig. 2, in which we give the
[O III]λ5007/Hβ (the strongest) emission line strength as
a function of SP’s age only at Z = 0.0001 and 0.03 as an
example for the sake of paper’s size.
Second, we will show in theory the possibility that ra-
diation fields of IA SPs with BIs are important CISs of H II
regions by comparing various grids between using SPs with
and without BIs at early and intermediate ages. In Fig. 3,
we take log([N II]λ6583/Hα)∼log([O III]λ5007/Hβ) (i.e., di-
agnostic diagram of Veilleux & Osterbrock 1987, hereafter
VO87) as an example. As comparisons, we also give the
border/ selection-criterion lines between star-forming galax-
ies and AGNs from Dop00, Kew01, Kauffmann et al. (2003,
hereafter Kau03) and Sta06. Also shown are the observa-
tions of van Zee et al. (1998, V98), Bresolin et al. (2005,
B05) for spiral, Stasińska et al. (2013, S13) for NGC300,
Stanghellini et al. (2010, S10) for M81, Bresolin et al.
(2009, B09) for M83, Rosolowsky & Simon (2008, R08)
for M33, Werk et al. (2011, W11) for H II regions and
van Zee & Haynes (2006, V06) for dwarf-irregular galaxies1.
From them, we see that both radiation fields of young SPs
and the IA SPs with BIs are in theory possible candidates
of significant CISs of H II regions and that the grid derived
from IA SPs without BIs can not cover the observational
data region.
3.2 Some lines and selection criteria
When radiation fields of young SPs are used as the CISs of
H II regions, the strengths of some model lines, such as [O
III]λ4959′ and [O II]λ3727′ mentioned by D06, [S II]λ6716′
and [O III]λ5007 by Sta06, are weaker than observations.
This can be seen from the left panel of Fig. 4, which gives the
grid of log([S II]λ6716′/Hα)∼log([O III]λ5007/Hβ). When
the radiation fields from IA SPs with BIs are used as the
CISs, the grid partly covers the observational data region
(see the right panel of Fig. 4), thus this problem is partly
solved.
Meanwhile, from the comparison between the left and
right panels of Fig. 4, we see that the grid border moves to-
ward the upper-right corner when radiation fields of young
SPs are replaced by those of IA SPs with BIs as the CISs.
This means that the criterion of selecting star-forming galax-
ies from AGNs would move toward the upper-right corner.
This also can be seen from Fig. 3.
3.3 He II λ1640 line
Broad He II λ1640 emission line is observed in Ly-
man break galaxies (Shapley et al. 2003) and some high-
redshift gravitationally lensed galaxies (Cabanac et al. 2008;
Dessauges-Zavadsky et al. 2010). He II feature can be pro-
duced by shocks, X-ray binary evolution and WR/massive
stars (Brinchmann et al. 2008). Dopita et al. (2011) found
that narrow He II feature can be produced by radiative
1
For V98, using the line strength ratios of 4959′/4363 (provided), 6716/6731
(provided) and 5007/4959 (=2.88, true) and the line strengths of 4959′ and 6716′ ,
we derive the line strengths of 4363, 4959, 5007, 6716 and 6731.
c© 2011 RAS, MNRAS 000, 1–5
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shocks (from Kewley et al. 2013). In this work, we find that
He II λ1640 line can be produced when radiation fields of
IA SPs with BIs serve as the CISs of H II regions.
4 ANALYSES AND DISCUSSIONS
We will analyze the reasons of the above results. They are
caused generally by the fact that the line strengths increase
when radiation fields of IA SPs with BIs are used as the
CISs of H II regions. The emission line spectrum of an H
II region is determined primarily by the effective temper-
ature of the cluster stars and by the ionization parameter
(Dopita et al. 2005). The inclusion of BIs can produce very
hot and luminous He MS stars in SPs at intermediate ages
(see Fig. 4 of Z12), causing that the SPs’ spectrum hardness
in UV band and the number of ionizing photons in nebulae
Q(H) are significantly increased (by ∼2 dex, see Fig. 2 of
Z12. By the way, this value is significantly greater than the
value of ∼0.5 dex caused by metallicity, which is estimated
from Fig. 2 of Z12, Fig. 3 and Table 3 of Zhang et al. 2013),
so more ions are ionized and the emission line strengths in-
crease. Meanwhile, when radiation fields of IA SPs serve as
the CISs, the structure of H II regions (Te, ne, radius, ele-
ment abundance distributions, etc.) also changes. Moreover,
it should be noted that logQ(H)∼46 when log(t/yr)<
∼
t1 and
logQ(H)∼43.5 or 41 when log(t/yr)∼t2 for solar-metallicity
SPs with and without BIs, this implies that the amount of
gas ionized and the fluxes of gas emission lines (Hα, [O II]
and [O III] nebular lines) would decrease by 2.5 or 4 orders of
magnitude, for identical gas properties and CIS’ geometry.
In our calculations, blackbody spectrum is used for very
hot stars in Yunnan-II EPS models. Moreover, when using
MAPPINGS code to calculate the line strengths, we do not
consider the change in the mechanical energy Lmech caused
by BIs. If these factors are considered, the results will be
slightly changed but our conclusions will not be changed.
5 SUMMARY AND CONCLUSIONS
In this letter, we showed that radiation fields of IA
[7<
∼
log(t/yr)<
∼
8] SPs with BIs are in theory possible candi-
dates of significant CISs of classic H II regions by using pho-
toionization MAPPINGS code and Yunnan-II EPS models.
Besides this, the border /selection-criterion lines, between
star-forming galaxies and AGNs in the diagnostic diagram,
would move into the region occupied originally by AGNs, the
theoretical strengths of some lines (such as [O III]λ4959′, [S
II]λ6716′, etc.), weaker than observations, would be raised,
and He II λ1640 line can be produced. All data will be up-
loaded to our website (www1.ynao.ac.cn/∼zhangfh).
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